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INTRODUCTION
Chlamydia trachomatis urogenital infections are the leading cause of sexually transmitted bacterial infections affecting both woman and men worldwide [1] . Antibiotics are successfully used to treat symptomatic urogenital infections; however, most C. trachomatis male urogenital infections are asymptomatic. Consequently, an elevated fraction of patients remains undetected enabling further spread of the bacteria within the population [2] .
Although results from cross-sectional population surveys indicate that the general prevalence of genital C. trachomatis infection are very similar for heterosexual men and women [3] current research and screening strategies are mainly focused on females due to the well documented disease sequelaes [1] . Clinical manifestations of C. trachomatis urogenital infections in women include acute urethritis, mucopurulent cervicitis, endometritis, salpingitis, and pelvic inflammatory disease, with associated sequelae such as tubal factor infertility, chronic pain, and ectopic pregnancy [4] . In men, C. trachomatis causes urethritis, epididymitis, epididymo-orchitis, and in recent years, it has also been recognized as an etiological agent of prostatitis [5] . However, whether or not C. trachomatis infection has detrimental effects on male fertility is still controversial [6] . Consequently, the importance of this pathogen in infections of the male urogenital tract (MGT) has been neglected.
Human studies and experimental female genital tract (FGT) infection models in mice have allowed a significant advance in the understanding of C. trachomatis infections [7] . The mouse model of C. muridarum infection of the FGT has been very useful to understand the mechanisms underlying immune protection as well as the infection induced inflammation that results in oviductal pathology [7] . This model have shown that a rapidly ascending infection to the oviducts occurs when higher inoculating doses are used, and higher bacterial burdens are only present in the lower genital tract when lower infectious doses are used [8] . In addition, differential susceptibility to upper genital tract pathology was observed in different strains of mice after the inoculation indicating that mice with different genetic backgrounds exert different immune responses upon the infection [9] . Undoubtedly, induced innate and adaptive immune responses are closely linked to both bacterial clearance and female upper genital tract pathology [10] . These models have shown that the infection induces an influx of inflammatory cells (neutrophils, macrophages, dendritic cells, T cells, and B cells) to infected tissues and the local release of proinflammatory cytokines and chemokines [11] .
Moreover, Th1 cell responses have shown to be crucial in clearing the infection [4, 10] .
Although abundant data concerning animal models of infection of the FGT have already been published, the characterization of animal models of MGT infection is limited [12, 13] . As NOD mice are prone to develop spontaneous prostatitis with age and also susceptible to genital C. muridarum infection [14] , we aimed to study the experimental C. muridarum infection of the MGT, including early and late time points after infection. Moreover, we also performed a comparative analysis of the dynamics of the infection and inflammation developed in NOD and C57BL/6 mice. Herein, we report that the inoculation of C. muridarum in the meatus urethra of male mice from different strains resulted in an ascending and widely disseminated infection within the MGT. Interestingly, the infection remained longer and with the highest bacterial burden in the prostate. Both mice strains exhibited signs of pelvic pain development, tissue leukocyte infiltration, and cytokine secretion with significant differences in the kinetics of the infection and bacterial burdens. Our results contribute to a better characterization Chlamydia infection of the MGT, useful for the design of new therapies to treat both female and male genital infections.
MATERIALS AND METHODS

Chlamydia Strain
Chlamydia muridarum Weiss strain was kindly supplied by K. H. Ramsey (USA) and was propagated in LCCMK2 cells as previously described [14] . Elementary bodies (EBs) were purified as previously described [14] .
Inoculation of Animals
Six-to eight-week-old male NOD and C57BL/6 mice were bred and maintained under specific pathogen-free conditions in the vivarium of the Center of Immunology and Biochemical Chemistry Research, National University of Cordoba, Argentina. All experiments were approved by and conducted in accordance with guidelines of the Committee for Animal Care and Use of our Institution in strict accordance with the recommendation of the Guide for the Care and Use of Laboratory Animals of the NIH (NIH publication 86-23). Mice were inoculated in the meatus urethra with 1 Â 10 8 EBs of C. muridarum in 20 ml of sucrose/phosphate/ glutamate (SPG) buffer following standard protocols already described [14] , and then euthanized at different days post-infection (dpi).
Detection of Chlamydia spp. by Polymerase Chain Reaction (PCR)
Detection of C. muridarum in tissue samples was performed by conventional and quantitative PCR (qPCR), respectively, by the amplification of the chlamydial OMP1 gene as previously described [14] . qPCR amplification data were analyzed using the StepOne software. Anterior (AP), ventral (VP), and dorsolateral (DLP) prostate lobes were micro-dissected following protocols previously described [15] .
Analysis of Infiltrating Leukocytes
Male genital tract tissue samples obtained at different dpi were mechanically disrupted and enzymatically digested. Anterior (AP), ventral (VP), and dorsolateral (DLP) prostate lobes were microdissected following protocols previously described [15] . Cell suspensions were counted, stained with different monoclonal antibodies, and analyzed by FACS as previously described [16] .
Histology and Immunohistochemistry Assays
Prostate glands were collected at 14 dpi, fixed in 4% formalin solution and processed for conventional histology. Immunohistochemistry assays were performed as previously described [16] .
Analysis of Chemokine Expression in Prostate Tissue
Prostates were excised and mechanically disrupted at 7 dpi. The expression levels of a panel of 11 chemokines were measured using a mouse chemokine array kit (RayBiotech Inc., Norcross, GA) following manufacturer's instructions.
Pelvic Pain Assessment
Pelvic pain development was assessed by behavioral testing, as previously described [17] . Behavioral testing was based on the concept of cutaneous hyperalgesia resulting from referred visceral pain. An irritative focus in visceral tissues reduces cutaneous pain thresholds, allowing for an exaggerated response to normally nonpainful stimuli (allodynia). Mice under study were tested for tactile allodynia in the pelvic region at different time points: before infection (baseline, day 0) and at 4, 7, 10, and 14 dpi [17] .
Detection of Chlamydia-Specific Antibodies
Recombinant chlamydial HSP60 protein was used as antigen in indirect ELISA assay to detect serum Chlamydia-specific IgG antibodies as previously described [14] .
Cytokine Quantification
Mononuclear cell (MNC) suspensions were prepared under sterile conditions in HBSS (SigmaAldrich) from spleen of individual mice by FicollPaque PREMIUM 1.084 (GE Healthcare Bio-Sciences AB, Uppsala, Sweden) centrifugation gradients. Live cells were counted by trypan blue exclusion, resuspended in RPMI 1640-GlutaMAX (Life Technologies, Carlsbad, CA), medium supplemented with 0.1% gentamicin (50 mg/ml), 50 mM 2-ME (Life Technologies), and 10% FBS and incubated in the presence of heat inactivated C. Muridarum EBs for 72 hr (multiplicity of infection, MOI 1000) or medium alone. All cell combinations were cultured at density of 0.5 Â 10 6 cell/ml per well and set up in triplicate. Plates were incubated for 72 hr at 37°C in water saturated 5% CO 2 atmosphere conditions. IL-17A, IFNg, and IL-10 concentrations in culture supernatants were measured by ELISA using specific commercially available kits (eBiosciences for IL-17A, and BD Biosciences for IFNg and IL-10), according to standard protocols and following manufacturer's instructions.
Statistical Analysis
Statistical analysis was performed using one-way ANOVA with Bonferroni post-hoc test analysis. Mean AE SEM are represented in the graphs. Statistical tests were performed using the GraphPad Prism 5.0 software (GraphPad Software, Inc., La Jolla, CA). P values Ã <0.05, ÃÃ <0.01, and ÃÃÃ <0.001 were considered significant in all analyses.
RESULTS
C. muridarum Infects MGT Tissues Preferentially Causing a Chronic Infection of the Prostate
To analyze the pattern and kinetics of the infection, sham and inoculated NOD mice were euthanized at 4, 7, 14, 30, 45, and 80 dpi and the presence of C. muridarum was screened in the urethra, bladder, prostate, and testes. As shown in Figure 1A , C. muridarum DNA was detected in 100% of urethra, bladder, and prostate tissue samples from infected animals at 4 and 7 dpi. At 14 dpi, C. muridarum DNA was still present in a significant proportion (50% and 60%) of urethra and bladder samples, respectively; however, it continued being detected in 100% of prostate samples from infected animals. Besides, this time point was the only one in which C. muridarum was detected in testes, although in a small fraction of infected animals ( Fig. 1A ). Later on, at 30 dpi, C. muridarum remained detectable in 80% of prostate samples from infected animals whereas continued to be cleared from urethra and bladder. Finally, at 80 dpi, C. muridarum was still detected in 45% of prostate samples, while it was no longer present in any other tissue (Fig. 1A) .
Besides analyzing the incidence of the infection, we also determined bacterial burden in prostate tissue from infected animals by qPCR (Fig. 1B) . As shown in Figure 1B , bacteria were cleared from the urethra much faster than from the prostate. Moreover, the highest bacterial burden was detected in the latter organ. Bacterial load peaked at 7 dpi in urethral tissue, while at 14 dpi in the prostate. At late time points of the infection (30 and 80 dpi), C. muridarum was still detected only in the prostate, showing a chronically sustained bacterial burden during the latest phase of the infection (Fig. 1B) . Regarding the anatomical regions of the prostate mainly colonized by C. muridarum, experiments performed on day 14 postinfection revealed that although bacterial DNA was detetcted in all prostate anatomical regions, higher burdens were revealed in the dorsolateral and ventral prostate (Fig. 1C) . These results demonstrated that, in this animal model of MGT infection, C. muridarum preferentially colonizes the prostate, exhibiting higher bacterial burden and remaining longer, when compared with other MGT tissues.
Infection Associates With Leukocyte Infiltration of MGT Tissues
The kinetics and characterization of leukocyte (CD45 þ cells) infiltration in MGT tissues were evaluated during the course of the infection. As expected, control mice showed small proportions of resident CD45 þ cells in urethra, bladder, and prostate tissues. On the contrary, significantly increased amounts of CD45 þ cells were detected in all MGT tissues from infected mice at 7 dpi ( Fig. 2A) , that were still prominent, to a lesser extent, in urethral and prostate tissues at 30 dpi (Fig. 2A) .
The kinetics of CD45 þ leukocyte infiltration in prostate tissue from infected animals revealed significantly increased leukocyte infiltrates at 7, 14, 21, and 30 dpi, showing its peak value at 14 dpi and then gradually decreasing to baseline levels at later time points after inoculation (45 and 80 dpi, Fig. 2B ). Leukocyte infiltration was detected in all prostate anatomical regions, being the highest CD45 þ cell infiltrates observed in the dorsolateral prostate (Fig. 2C) . Characterization of these infiltrates by flow cytometry revealed that they were mainly composed of neutrophils (GR1 þ ), and also T (CD3 þ ) and B (CD19 þ ) lymphocytes (Fig. 2D ). Significant amounts of dendritic cells (CD11c þ ) and Natural Killer cells (CD56 þ ) were also detected (Fig. 2D) . Immunohistochemistry analysis revealed that abundant leukocyte infiltrates (CD45þ cells) were present in the interstitial tissue, extravasating from blood vessels and surrounding the prostate acini (Fig. 2E) .
Although leukocytes extravasate and migrate to tissues following chemokine concentration gradients [11] , we analyzed the expression levels of 11 different chemokines in prostate tissue from infected and control mice. As shown in Figure 2F , significantly increased levels of CCL5, CCL17, CXCL1, and CXCL2 were detected in the prostate from infected mice when compared to control mice.
Histological analyses of prostate tissue sections from infected mice at 14 dpi corroborated these findings showing marked leukocyte cell infiltration in all prostate lobes when compared to control mice. Abundant clusters of cell infiltrates were observed in the interstitial tissue close to blood vessels and surrounding the acini (Fig. 3) . In a remarkable concordance with the cytometry analyses, leukocyte infiltration was more prominent in the dorsolateral than the anterior or ventral prostate lobes, mirroring the bacterial burden detected (Figs. 1 and 3) .
These results indicate that leukocyte infiltration of MGT tissues, mainly composed by neutrophils, T and B lymphocytes, accompanied and paralleled the kinetics of the infection.
C. muridarum Induces Pelvic Pain Development
Only at Early Stages of the Infection
As infection induced inflammation, we then assessed if infected mice developed pelvic pain. Animals from both experimental groups were tested at baseline and over time of C. muridarum infection for suprapubic allodynia, a consequence of referred hyperalgesia and a characteristic of visceral pain [17] (Fig. 4) . While control mice showed no changes in tactile allodynia over time, significant increases were detected at 4, 7, and 10 dpi in infected mice, showing no differences at 14 dpi. These results demonstrated that pelvic pain development occurred at early stages of chlamydial MGT infection.
Analysis of the Immune Reponse Elicited by the Infection
To analyze the immune response elicited during the infection, we searched for Chlamydiaspecific antibody and cell responses. On the one hand, and as expected, significantly elevated serum titers of IgG against chlamydial HSP60 were detected at 30 dpi, that remained sustained at least until 80 dpi (Fig. 5A) . Comparative results were detected when analyzing serum samples by IF using C. muridarum-infected LCCMK2 cells as substrate (data not shown).
On the other hand, we analyzed cytokine secretion by spleen MNC in vitro stimulated with heat killed chlamydial EBs. As shown in Figure 5B , markedly high levels of IL-10 were produced by MNC from infected mice at early stages of the infection. Chlamydial-specific IL-10 secretion increased from day 0 onward, peaked at 7 dpi and then gradually decreased to baseline levels at 30 dpi (Fig. 5B) . On the contrary, slightly increased levels of Chlamydiaspecific IFNg were only detected at 7 and 80 dpi. Surprisingly, MNC did not produce IL-17 during most of the time points assayed. Significantly increased values of IL-17 were only detected at 80 dpi. 
and CD11c þ infiltrating cells from prostate tissue of infected NOD mice at different time points. (E) Immunohistochemistry (200Â magnification) detection of CD45
þ cells in prostate tissue sections from infected (14 dpi) and control NOD mice. (F) Relative protein expression of chemokines in prostate tissue from control and infected NOD mice at 7 dpi. Data are shown as mean AE SEM, n ¼ 5 per group, and are representative of three independent experiments. Statistical analysis was performed using one-way ANOVA with Bonferroni post-hoc test analysis as appropriate.
Ã P < 0.05, ÃÃ P < 0.01.
Analisys of C. muridarum Infection of the MGT in Mice With Different Genetic Background
When the analysis of the infection was investigated in C57BL/6 mice, results indicated that this strain cleared bacteria from the urethra with a similar efficiency as NOD mice (Fig. 6A) . Conversely, bacterial clearance from the prostate showed a different pattern. Lower bacterial burdens, that peaked earlier, were detected in prostate tissue from infected C57BL/6 (at 7 dpi) when compared with NOD mice. These data revealed that C57BL/6 mice cleared the infection from the prostate more efficiently than NOD mice. Although these differences, a delayed bacterial clearance in the prostate was observed in both strains of mice, since C. muridarum remained detectable until late experimental time points (21 dpi) (Fig. 6A ). C57BL/6 mice also exhibited increased amounts of leukocyte (CD45 þ cells) prostate tissue infiltration during the early stages of the infection. However, overall CD45 þ cell numbers were significantly lower when compared with those detected in prostate tissue from infected NOD mice (Fig. 6B) . Regarding pelvic pain development, a similar pattern of tactile allodynia responses were observed in infected C57BL/6 and NOD mice (Fig. 6C) . Finally, the analysis of cytokine production by spleen MNC from infected C57BL/6 showed that, similar to that observed in infected NOD mice, significantly elevated levels of IL-10 were detected at early stages of the infection. However, the peak of the IL-10 response was detected earlier on day 4 in C57BL/6 mice. Moreover, overall amounts of IL-10 produced by C57BL/6 mice were much lower and rapidly decreased to basal levels when compared to NOD mice (Fig. 6D) . On the other hand, MNC from infected C57BL/6 mice in vitro stimulated with heat killed chlamydial EBs produced significantly much higher levels of IFNg when compared to NOD mice (Fig. 6E) .
Altogether, these results suggest that C. muridarum infects the MGT showing a special tropism for the prostate gland, where it causes leukocyte infiltration and pelvic pain in both NOD and C57BL/6 mice. Interestingly, spleen MNC from both mice strains produce high levels of IL10 during the early stages of the infection, with a more pronounced and sustained pattern in the case of NOD mice, the animal strain that showed to be less efficient in clearing the infection.
DISCUSSION
Although most chlamydial-associated morbidity has been described in women, men provide a reservoir for continued transmission of new and recurrent infection [18] . Besides, MGT organs are potential targets of chlamydial-associated pathology that may impair male fertility [6, 18] . Moreover, the localization and average duration of chronic infection in humans is uncertain and difficult to assess since the onset is generally unknown, re-exposure is common and bacterial clearance is rarely followed-up [19, 20] . Therefore, experimental models of infection may provide answers to many existing questions but data from animal models of chlamydial MGT infection are not abundant [12] [13] [14] .
In the present work and using an experimental mouse model of MGT infection, we provide evidence Fig. 4 . Chlamydia muridarum infection of the male genital tract induces pelvic pain. NOD mice were inoculated with Chlamydia muridarum (infected group) or saline solution alone (control group) and then tested at baseline and over time of C. muridarum infection for suprapubic allodynia, a consequence of referred hyperalgesia and a characteristic of visceral pain. Suprapubic tactile allodynia was assessed as the responses to mechanical stimulation of the pelvic region using von Frey filaments of five different calibrated forces. Data were recorded as percentages of response frequency (e.g., 5 positive responses of 10 stimulations ¼ 50%) at 4, 7, 10, and 14 dpi. Data are shown as mean AE SEM, n ¼ 5 per group, and are representative of two independent experiments. Statistical analysis was performed using one-way ANOVA with Bonferroni post-hoc test analysis as appropriate.
indicating that bacterial clearance occurs much faster in the urethra than in the prostate. Indeed, the prostate is an important target of the infection since it was the tissue where the highest and chronic burden of Chlamydia was detected. Our results are in agreement with those reported in other rat and mice models of infection [12, 14] . C. muridarum inoculation in the meatus urethra of male rats also results in an ascending infection that remains longer in the prostate [14, 21] . Moreover, Pal et al. reported that after inoculation of male C3H/HeN mice in meatus urethra, C. muridarum was found in the urethra and bladder within 1 to 4 weeks after inoculation and also in the epididymis and testes from some mice. Bacterial infection cleared by 42 dpi in wild-type mice. Unfortunately, although authors looked for the presence of C. muridarum at late time points after infection (50 dpi), they did not analyze the presence of C. muridarum in the prostate gland [12] . On the other hand and working on a model of adoptive transfer of immune CD4 þ T cells prior to the intrapenile inoculation in C57BL/6 mice, Sobinoff et al. showed high chlamydial burdens in the epididymis and vas deferens but lower levels in prostate tissue at 21 dpi [22] . In our present study, bacteria were detected in testes from some mice and only at 14 dpi. These differences could be due to variations in the route of inoculation (intrapenile vs. meathus urethra) and/or the methodology used for Chlamydia detection (culture vs. qPCR). Indeed, Chlamydia identification by cell culture using expressed prostate secretions and semen samples has not been recommended since these samples contain toxic substances for cell culture increasing the probability of false negative results [23] .
Our results also showed that although the infection was present in all of the prostate anatomical regions, the dorsolateral and anterior prostate exhibited both the highest bacterial burden and the most severe leukocyte infiltration and inflammation. In agreement with our findings, an animal model of E. coli infection of the MGT revealed that transurethral instillation of uropathogenic E. coli into male mice resulted in an ascending infection that showed higher bacterial titers, leukocyte infiltration, and inflammation in the dorsolateral lobes [24] , suggesting that the dorsolateral prostate is innately more susceptible and responsive than the other lobes of the rodent prostate. The human prostate can be divided into three major areas: peripheral, central, and transitional zones that are focus of different pathologies that mainly affect the gland, which include prostatitis, benign prostatic hyperplasia, and prostate carcinoma [25] . On the one hand, prostatitis and prostate carcinoma mainly develop in the peripheral zone. Alternatively, benign prostatic hyperplasia develops in the transitional zone. In this regard, it would be interesting to analyze whether prostatitis detected in C. muridarum infected mice developed in areas comparable to the peripheral zone of the human prostate. However, the available evidence does not support a direct relationship between the specific areas of the mouse prostate and the specific zones of the human prostate, indicating that the prostate anatomy and disease profile may be very different [25] . The fact that the prostate is a gland of the MGT preferentially infected by C. trachomatis have important implications for the clinical practice, regarding the most appropriate biological sample to test and the interpretation of results for an accurate diagnosis [26] . Samples used for male infection diagnosis come from different parts of the MGT: urethral swabs, first void urine, prostate expression, urine before and after prostate massage, and semen [27] . Results from different samples and also clinical symptoms, when present, guide the clinician on where the infection lies and help for a differential diagnosis of upper and/or lower male genital tract infection [27] . In agreement with our results, several clinical studies indicate that semen and expressed prostate secretions (EPS) are often positive for C. trachomatis in patients with negative urethral swabs [6, 18, 28] . These data suggest that it would be more convenient to analyze samples containing prostate components (such as semen or EPS) and not only urethral swabs to maximize the chance of identifying chlamydial infections. production by stimulated spleen MNC from infected NOD and C57BL/6 mice at 7 dpi. MNC were in vitro cultured for 72 hr in presence of heat killed EBs of Chlamydia muridarum. Cytokine contents in culture supernatants were measured by sandwich ELISA. Data are shown as mean AE SEM, n ¼ 5 per group, and are representative of two independent experiments. Statistical analysis was performed using one-way ANOVA with Bonferroni post-hoc test analysis as appropriate.
Ã P < 0.05.
We showed that C. muridarum infection of the MGT is accompanied by pelvic pain development. Significant increases in suprapubic tactile allodynia responses were detected at early time points of the infection, although they were of much less intensity when compared with those reported in animal models of more severe inflammation [29] . The mild pelvic pain observed in the present animal model could be related to the typical asymptomatic nature of C. trachomatis infection reported in patients [2] . Rudick et al. using a murine model of uropathogenic E. coli infection of the MGT in NOD mice found that bacteria induced chronic pelvic pain that persisted even after bacterial clearance [30] . Authors proposed that microbial infections can serve as initiating agents for chronic pelvic pain through mechanisms that are dependent on both the virulence of the bacterial strain and the genetic background of the host. To our knowledge, there are no published reports evaluating pelvic pain associated to Chlamydia spp. infection in male or female mice models. Our results indicate that pain developed during C. muridarum infection is mild, transient, and only occurs at early stages of the infection. In patients, available data indicate that males bearing C. trachomatis infections exhibit mildly increased pain scores and high white blood cell counts in semen [31] , findings that mirror our results presented herein.
Moreover, according to results from female and male rat models, the infection was accompanied by an influx of inflammatory cells to prostate tissue, being GR1 þ cells the most abundant infiltrating population [10, 14] . Moreover, we demonstrated an increased secretion of CXCL1 and CXCL2 in the prostate, chemokines known to be involved in the recruitment of neutrophils [32] . Interestingly, although much greater infiltration of neutrophils was observed in NOD mice compared to C57BL/ 6mice, C. muridarum remained longer and with a higher bacterial burdens in the former mice strain. Previous studies have shown that chlamydial infection is accompanied by significant infiltration of neutrophils at the site of infection [4, 5, 14, 33] . In patients with documented endometrial and oviductal infection with C. trachomatis, neutrophils were observed infiltrating the glandular epithelium [10] . However, the exact role of neutrophils in host defense against chlamydial infection has been not clearly understood. Treatment of animals with granulocyte-depleting monoclonal antibodies has shown that neutrophils play a critical role in the bacterial clearance at very early stages of infections from the female reproductive tract, but increased neutrophil responses may promote pathology development [34] . Conversely, other authors suggested that Chlamydia and neutrophils could be allies in the spread of chlamydial infection [35] . Infected mice also showed T and B lymphocytes, macrophages, and dendritic cells infiltrating prostate tissue. Lymphoid aggregates have been well documented in uterine and cervical samples from woman with C. trachomatis infection and have been also observed in the mouse model of C. muridarum female genital infection and rat models of MGT infection [14, 36] . Highly elevated endocervical infiltrating T cell numbers, with both CD4 and CD8 T-cell subsets showing effector memory T cell phenotype, were reported during the infection [36, 37] . However, in our animal model of Chlamydia MGT infection we detected the presence CD3 þ T lymphocytes infiltrating the prostate only early after the infection and not persisting longer.
We also detected an influx of macrophages and dendritic cells infiltrating the MGT after infection. During FGT infection with C. muridarum, a recruitment of classical and IL10-producing plasmocitoid dendritic cells into genital tract tissues and draining lymph nodes has been reported [38] . Moreover, C57BL/6 mice infected with C. trachomatis serovar D showed high IL-10 mRNA in the lower FGT during the infection, with also the presence of IL10-producing dendritic cells [39] . It has been reported that decreased levels of IL-10 correlated with protective anti-Chlamydia immunity [40] . In the present report, we found that spleen MNC from infected NOD mice produced higher levels of IL-10 after stimulation with chlamydial antigens when compared with infected C57BL/6 mice. Conversely, C57BL/6 mice produced much more INFg than NOD mice and showed a faster clearance of bacteria from the MGT. The absence of IL-10 has been shown to skew the anti-chlamydial immune response to a predominantly Th1 type and prevent Chlamydiainduced pathologies, whereas the presence of IL-10 results in pathologies [41] . IL-10 limitation also resulted in the rapid elicitation of efficient immune responses against Chlamydia. In this scenario, it is very probable that in NOD mice, a strain prone to produce high amounts of IL-10 at early stages of the infection, C. muridarum is favored due to the poor induction of Th1 protective responses.
CONCLUSION
Results presented herein contribute to a better understanding of the infection of the MGT, indicating that C. muridarum infects different tissues of the MGT but remains longer and with high bacterial burden in the prostate. In addition, the infection induces leukocyte infiltration, mainly composed by neutrophils, and early pelvic pain development that rapidly drops and resolves as the infection becomes chronic. These findings are associated with the production of poor Th1 responses and mainly observed in mice that are good producers of Chlamydia-specific IL-10 responses. All these information has important implications for the improvement of the diagnosis and for the design of new and efficient therapies useful to treat both female and male genital tract infections.
